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(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57) Abstract: 

PURPOSE: To obtain an image pickup output in >A^ich a 
variance of every picture element is extremely small by 
correcting not only a variance of an output of every 
picture element and a variance caused by sensitivity of 
the picture element, but also a variance caused by a 
transistor and a voltage-charge converting element, 
etc., in the solid-state image pickup device of a 
natural logarithm type. 

CONSTITUTION: The device consists of a solid-state 
image pickup element CCD whose photoelectric 
conversion characteristic is a natural logarithm, a 
means MEM1 for storing an output signal when the 
solid-state image pickup element CCD is irradiated with 
a uniform light of a first tight quantity, an MEM2 for 
storing an output signal when the solid-state image 
pickup element CCD is irradiated with a uniform light of 
a second light quantity, a first subtracting means DIF1 
for taking a difference between the output signal when 
the light of a first light quantity is radiated and the 
output signal when the light of a second light quantity 
is radiated, at every picture element, a second 
subtracting nneans DIF2 for taking a difference between 
an image output signal at the time of photographing a 
body to be photographed and the output signal when the 



light of a second light quantity is radiated, at every 
picture element, and a dividing means COR for taking a 
ratio of the outputs of a first and a second subtracting 
means DIF1. DIF2. 
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(57) [gi^] 

c D i , c <Dm{mm=f-icn-ti% 1 <D%&<D%tm 

lt3n/ctt©(±i:^)m-f«:iett-r2>*l8MEMl a 
(*»(|[JR^{CJ^l-«c» 2 ©*S©**«J«S« 3 tlfc <!: t ©" 

Ul:^)fi#=Sri2lf.-r ?>^ISM E M 2 i , mlim 1 ©3tfi© 

iiifct^ (Dmt^m^ tmz (o^moitmm 
2 ©7ts©7tAiBBM 2 titc t ^(DWom^oi^^^mm 
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1 

ffrian 1 ®*fl©^feA5Mi^ 5 n/c i d ©tti;^fi-^ i ^ 2 

i2.^1iag*l5i. 10 
aP¥*«ftKI^©ii«ai;>3li# i f5ie» 2 ©56S©3t AiRg 
W 3 n/c i ^ ©tt;^3m^©M«:SiiiJR C:i«CiSS2« 

[0 00 n 

©■e*'). it#R-e©jfe«s:»i«Ftt*Ji«SM»-c*2.@<* 
m.^miv.'mti. 20 

[0002] 

«ff«ti'©aj«*#{c?si,^ Ls I 

^<«©x^i-c^^-r' 1 5 c 4 A> 6 , fifitt*5ig < . fiS 

[0 00 3 3 C ©@(*m<SSI^© 1 rXDWm^^t {yX. 30 

■€-©ai*{cSiii»c:4©tf e>-3t«i&D* C i*l 

mihini. i^ggsSS 8- 1 77 07 l-^-^1#igBS6 0 
-2 4 1 3 7 0-^-C(i. ffi3fc*>6ffifflSn-Cl»5';-7 

&3t«iEift<tt4%*-r.5ffl(*}i«sia(c*fo-c. c©a 

^rffll^-CSiJ^c: <!:®Sig©«e>-5 1 ?:ffiiE-r C i 

t) ©r-f i^ffll^-C^Sij6©tf tffljETSC 
i^rtl*Lri^S. 40 
[0004] 

[^^^^AifSi^iLJ:!) i-T'SSgl] Lt^bUtib. C©2 
[000 5] *«:ltiSIAW. gltcaSiL/dt^^S - 1 

7 8 17 o-^tcfci^T, ^mmfi^mmmiii^mx^ 

mbXU^i. C©$JJI5*fflC>5CiCCJ:-,r®S©W6 
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7=>-»^©§M©^-tt5¥©JSiaiiK©«6-3# *-Cffl 

[0006] $fiBa«iM>ftifcs©3tm^}fi!ii$tt*wi- 

*t5^!t5tt© W-t4^ffl»3 >-f >t^©gSW-t±^ 
[0007] 

[ssii«:s?^ri/c«)©*i53 ±ie©aw^^-r.s/c 

thhW^%.m^^t , c©H*}S»m^^{cl^-/j:^ 1 © 
i. Hl*«l«3R^tci^-«c»2 ©3iai©**5M«S*ifc 

i t ©tb;'j<t-^?:ie^.Ts^e<!: . Biiiem 1 ©3fea©7fe 

*sBeii& n/ci #©ltl;^<i#4^2 ©3£fi©5t!!»5BSJ43 
<a/c 4 # ©ai:^fi^©ll5:SSimr i tcthmi 

tt¥(*liR«©il»a;'3fi^ ingles 2 ©3feH© 

mzm^^&t- ffiemi, ^2jis&^s©i±j^)©j±;% 

[0008] 

*if«f 5 C itC J: ») 7 * f - K^©jSa©«6-5 

1. m2m*^^<omt)icimi<ow.mtummm 

-yXi^i^K mn^^X-il^tiCtiCJ:*). -?■©«? 
©JSiai^:*{SIS«l^£3h*. S£o-c. fim<)«:wii 
^ c: i ® e. t O M H i S I. » C i (C 

Jio. B^is^i8©ffi:^«ia3Rc:i©tff>-5t.oittc>ftn 

[0009] 

(**iw] *r. *iiw©ft(*w*ittwrs«[{c. *i6 

mKS©*f»ffiffi^m©JiaK'3l>rai'^2). MOS 

V'^yv'z ^vit. y- hSffjtu.HfiiaEWT©^ t iJ- 

yxL/>;'£^3— Jbh'MSS (sub- threshold current) i 
V 3 >^ffiAi§iSK (weak inversion) ttfiSCCtt'SC 
iCMOS h-7>i>;^i!©W*L.<>'<Cl<>!^® 1-:><!:#A 

f>tiT§/c. *lfeW®@(*}iflfcKS-c«, co-!^:^;^u 

i,^^lCbXi,^i>, 

[ 0 0 1 0 ] If u V 3 -;v Kmssist(T®<i; k 

^t»3*a'& (#%^t^ ; R.M.Swanson and J.D.Meindl, 
" Ion-implanted conplementary MDS transistcrsin lo 
w-voltaqe circuits," IEEE Journal of Solid-State C 
ircuits, vol. SC-7, No. 2. pp. 146-153, Apr. 1972) . 
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3 4 
EPi&. MOS h-7>i>:^$CDKU-f>«SK ] iXi. *n (kT/q) 

i-V^^^WMOS h7>>^;^^0!)ii^. VG-VS^VT+ * 

ID=(Z/L) MnCo (1/m) (nKT/q)^ exp 

[(q/nkT) (VC-VS-VT-nkT/q) ) 

•{1- exp( (-mq/nkT) (VD-Vs) 

( 1 ) 

VD : K u >^E Co hie^lgsa 

Vs: y-xmH [0 0 1 l ] ^/c m= (C o-t-Cd) /C o 

VT;SfflmiI 10 n= (Co+Cd+C f s) /Co 

Z : h7>v:^^^i->^^Hi@ Cf s=qNf s 

L; Yvyiyy^^9^y^)\^§i Cd;^^gS N f s ; aH?if4?5Sr* 

ui\\n^l&n^ N f s = 0(Di*Cc«m= nr*)'9, CCDi* 

q (i)SiO. 

k : :^';^'>v>g^a 5?^ VD-Vs>>kT/q/j:'btf 

I D=I DO exp C (q/nkT) (VC-VS-Vt) ] (2) 

I 00= (Z/L) /inCo (1/n) (nkT/q)' exp[-n---(3) 
(2)%\t. VQ-ys^Vl^T\ (kT/ ★ StC«DCmiIVSS;&^ MO S h ^ > v:^ ^ 2 a CO/'^ 

q) , VD-VS>>kT/q(Dt^ Kl-^>m?^:^)^y«- ^^^-h <StS) tCtJ D C^S V SUB^^^^enJD 5 htC^ 

h • v--;5^pam©}g^iilSr&/2>c<b^7FL/Tc^^o 20 i^. ccrvDD>vss^vsuBr*«9. V:^^^^ 
[0 0 1 2}*^WT«. WTtC7S-rJ:^(C. MOS V Y \^C\m^^A7 MOS h5>i^X^2 a(D 

^ > ^ <Dmtm'pn.im^^^^%mc'¥mt h.m v - x s f u >f > d ^ 4>«/^ ^ 7 :^*^EPJn s 

h^>^:^^S'2 a<DFU-r>D«by'- hGCCS^ShX F^iSn^. -:Sf. MO S h 7 2 a ^fiS^i^ 

(fiije) mVDO&s. MOS F^>yx^2 a0y->^* WO^VcTcfJ^h 

(kT/q) <<VC-VSS^VT+n kT/q (4) 

©i^ (2) ^J:^) 30 

ID^IDO expC (q/nkT) (VC-VSS-Vl) D (5) 

I D= 1 p tSr 

lp=l[X) exp( (q/nkT) (VC-VSS-VT) ) (6) 

Vg=Vss+Vt-{- (n kT/q) In dp/ I DO) (7) 

[00 14] {A)^\my^c7rstx^^c. nK^m^^ 

VT=4>MS~q N fs/Co + 2^f+.^ {2£sieoqNB(l2<l>fl 

+ VS-VSUB) } /Co (8) 

ccr. 4>i^: y-Fm®<b'>';:3>s«a)f±$ig$i^ [oo i 5] WT. mmm^mix^mt^. tc-c. 

£ s i ; :>V:3>J:hg|^^ NB= 1 x 1 O'Vcm' 

Lo\%^m^m z/L=i 

Nb: iy')z}>m^T-nmm. ^n = l O O O cmVV -sec 

(8) S<i:0 VSS-VSUB (=VS-VSUB) tcj: T=3 0 0K 

r?rVT35>^^{bL, cn{C<J:ori Dfca^fr'£>Ci;!ii Co = 3. 5xio-'F/cm* 

V5UB^®WCCgg-r-2)C<bCCj;-^r (4)iC?:}g| hmSSrT^l'^ ^'J Air;h«±i5««iSg<Dt 
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5 6 

<i>Ms=-o. 9v ^i-rnta:. 

tUh. tfc. m^(OfcMC m=n = 1 

Cd=Cf s = 0, Nf s=0 * ttxi. C(Dtt. 

. I[X>=1 000X3. 5xio-'x(0. 0 26)'X0. 368 
= 8. 7 0X1 
ggffimttliVS-VSUB=0VO<h# 

VT (0) =-0. 9 + 0. 58 

+/'(2X11. 7X8. 85X10-'*X1. 6X10-'' 

X10'*X0. 58)/(3. 5xi0-')=0. 08 

vs-vsuB= 5 vcDi* imv ^ v^'-it- h' \ otfv- Y datDCMKy w^^m I 

Vt(5)=0. 91 M0Shy>iy:^^2 a<DV-7.(x:{tDCmK'^SSi 

0. l;U^;!^-l 0-*4;l'^X BVWimm^txXi.^^. mZMOS 

COtty^t hd^-f*--K©Effi4:l QOum'ttti 2 bC!)y-;^«?fSC<D3>-f >tf 3 ?:/^tTDC 

10-'- 10-' A i^Xt>2 a<DSSCCtJDC^VSUBi;05EnMlS*l. ^2 

iiS^Sifii (7) S<fcO Vc-Vss^TieSGffli^j: MO S h 2 b<DSffiic(j:. S2M0S h'7> 

-5,. iP;^^2 b3!^^lM0S h^>>^X^2a<!:l^-C0afi 

VT-0. 06-VT-O. 36 ±XW'^ ^ ;H^tCff^fi£^tl^ii^«:tJDCmEV SUBl^^ 
gj]^, 20 EPJjnSn, ^2M0S h7>>^;^df 2 b*^m IMOS h 

VS-VSUB=OV©<!:t 0. 02 0. 28 7 ^ 2 a igJ^f ^StSJiXl*-? *^l/rtCCj|Jfiic3 tl 

VS-VSUB= 5 VCDi t 0. 8 5-0. 5 5 i>i^'^(.atDCmKV Sl}^2mmX^tm2MOS hv^ 

i^cCO. VS-VSUB= 0 VCD<!:$«:« (4) ^«i®J£0 i>:^^2 b(0y-7.iCW^;^ii,X<^>i>. 

tj:l^ifi. Vs~VSUB=5Vi-rntf (4) j^tm&^ti [0 0 18] C©JIJfeWT«, WTtC5^TJ:^{C. 

5Ci7&i^>*^^c W±0<l:^tc. VsUB^rS^g^jrmE^i: ifu I pOS^fil5:)5?^3SBffi$nT..II2MOS h^>v 
'r'5>c<Lcc<j:or. jfe^SS^Jri.affiBi ;^^2b(Dy-;^ia>'f>i^3 v o<h 

[00 17]|i2ti. SI (cinL/cHife^Wlg^lElK* m2M0S h^>S^Xi5^2 bCr)^tt^|5]-i{SSL. ^ 
«»D L/c@(*}gi!^gO 1 Ul^tD^g^WI^^ b/c fcOT fcm2U0SV'7>i>:^^2h (Dmmf)m 2 MO S h 7 
ccr, png^y* h^-Y^t-Fi^^S^feaJff^ 30 >i^;^^2 b^Dv-;^ccg)K$^^^'Cl^5lS^^coc^-c^7 
^U. COT-z-FT^^lOn^ + ^^ilMOS h7>i> 

>^^2aCDFU-<>iy-FSc;S2(Dn^'t':^;l/MO [0 0 19] miRO'm2M0S F'^>>^X^2a. 2 

S F^>>^;3^^2 bOy- hCcS^.SnTl>-2>o ^/c. b<Z>y^- hmE^rVGi-rnt^ (7) 

VC=VSS1+VT+ (nkT/q) In ( 1 p/1 (X)) (9) 

i^ri^. II2M0S F7>e^;^^2b^Sfeh'5>mSfel 2 ★ ★tJ 

1 z=I DO exp( (q/n kT) (Vc-VO-Vt) ) (10) 

^tf A * [ 0 0 2 0 ] 3!fc. ^XCDM«^*^^0fi-3. 

I 2=0 (dVo/d t ) (11) 

(9) . (10), (11) ^J:^'^X^^ni>. 

C(dVQ/dt)=Ip expC(q/nkT) (VSSl-VO) D 

expC(q/nkT) ( VO- VSSl) ] d Vo= ( 1 p/C) d t 

(1 2) 

t = 0<DitV0=Vaii:LT (12) Si«:a!»-r^ ♦ ♦i, 

V0=VSS1+ (nkT/q) 1 n C (q/n kTC) Jl pd t 

+ exp{(q/nkT) (Voi-Vssi) ) ] (13) 

[0 02 1] (13) jCtJ. jfeSSSi pCDfS^JfiiiVQi 2 a ©y-;^SECC*fb'C vocD»7ra«ivoi«rffi< 
- V ssi-Ct^^ -S-Sfii i cDffl/J^^EV oCcStlS^^? n Tn« J: 0 iESStcMU^f^r^ ^ C <!: CC^f ^„ 
^C<!:^S^xLTt^-2>c C©-SfiitJ. V0l-Vssi;&Vh 50 [ 0 0 2 2 ] ia±3*'^/c|l?SiCJ: Oif e>n/cHl*mE 
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AX' P.43^#ft5) Utf^iir>XCC\)^%mKMh^ (I 3) 

Qo=CVo=CVSSl+ (nkT/q) 1 n C (q/n kTC) J I pd t 

+ exp{(q/nkT) (Vol-VSSl) ) D (14) 

tUh. ^EV6 (1 4) S:J:0 

[0 0 2 3 3JICC, CCDOtt^3K<i:0f#6n^ai;bm-X- 

VO'=Qo/CCt (C/CO) VSS1+ (nkTC/qCo) 1 n 
[ (q/nkTC) Jlpd t+ ©<p{(q/nkT) 

(VOl-VSSl) ) ) (15) 

trj:i>. l0*/nkT) ( VCXL- VSSl) } <D5«q /n kTC ) J 

[0 0 2 4] CCr.^, hv>'J7.^2a. 2 bSCX \ p6 iOmt^nt^xmKVt i^i^^^l^i <ti>C ti)^ 
CCDOXt^nmm^i^^m^r^CtVVOl-VSSl^ t't, (15)ii« 

ott^ctfit'^^xi)^t)^hc(om'^. €xp{ (q ★ 

V0*%(C/C0)VSSl+(nkTC/qC0) In 

{ (q/nkTC) S 1 pd t ) (16) 

tmmtti>Cti)^Vi6. ^ iJr [002 5] Hic. (16)S:^^Jr^i. 

(C/Co) VSS1+ (nkTC/qCo) 1 n (q/nkTC) 
+ (nkTC/qCo) 1 n n pd 1 ) (17) 

[0 0 2 6 ] ( 1 7 ) S6C*5l^rC{iia2«:^Ta:^CC 20 [0 0 2 7 ] cn6<DC<!:*>6jfeS©^i4?«:*^d^b6T 
iii3R*fij[K:St:t6tl/c«^^SSfflCD^?S"C*0. Crti (C/CO) VSSli (nkTC/qCo) 1 n (q/n 

CCDOU;f:)S(D?fa'C^M^^ECC^^^-r'2>/ce5?>CD<> kTG)<D^«n. C;!)5^^nj^— SWtc^i^ 
(OVi>^^ tfc. ntiSiS^OMOS h7>i^X^(Dffi ^S^O/cis?) (C/Co) VSS1+ (nkTC/qCo) 

1«jitcJ:-oT^S-2>ffir*-5>. igSCTiO I n (q/nkTC) =A<!:45< (I7)^\t 

ffi^^S^jr-SCD^C, n. I pCD^T'CO. k. T. q. V* 

Vq'^A+ (n kTC/q CO) 1 n n pd t (18) 

Etc. n kTC/qCOOJIfcn. C(D«iCC^-7'r-S * 8 ) ^» 
WCc9i*'S*>enkTC/qC0=B<!:*J< (1 * 

VO'^A + B 1 n $ Ipd t (19) 

[0 02 8 ] CCr. 7* h^^t"-K©ISS(Coli-C 30-)«Ip=aL (20) 

^iLSo^^liSO:7^ hy>f:t-'-K(D®S*ior4;i iJtc-S. (2 0) ( 1 9) jSi^RAL. 

VO'^A + B 1 n S aLd 1 (2 1) 

Wf^. m&aUmiitfl(^^$^V$>i>i)^h. L^OOt ★ ★t. (2 1)S;t3: 

V0*^A + B I na + B 1 n S Ld t (22) 

[002 9 ] crix^m^<omnrmh-o^mjE<Dijm Ti>^fc^. \ mmm^omti^Ev \ « 

f^'0\e^X^mt^o -j»CC. Uiil^ElJ (2 2) ^-C^tSt 

Vi=Ai+Bilnai+BilnSLidt (23) 

i=l.. 2. 3-" 

[0 0 3 0] IP*). a3CC7^^t/cJ:^(C. Sjfegihffi:^ (Dgfi^r$>^„ 

mK(Dm^^^ifyyx^^tt. a i • b i • a i tmm [o o 3 i ] ;xtc. mjtomt^ijrt^^mr^. s 

Vi (L)=Ai+Bi Inai+Bi IniLidt (24) 

tm^ti^. tfc. ^m^-^v f)i^Ahtifct%<o^ ^mtimKv i (l' ) « 

Vi (L*)=Ai+Bilnai+BilnSL'idt (25) 

i =1 . 2\ 3- 

[0 0 3 2 ] CCT\ #il^C<b«: (24) (2 50 5)S^ML?l<i, 
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Vi (L)-Vi (L')=Bi]nSLidt-Bi InSL'idl 
=B i 1 n ( J L i d t/S L* i d 1 ) 

(26) 

VO (L) -VO (LO =B01 n (5 L i d t/ J L ' i d t ) 

(27) 

[0 03 3] (21) {2 6) ^vm^mn^'ii^^ 

{V0(L) - VO (L') ) / {V i (L) - V i (L') ) 
= (Bol n(SLidt/SL'idt)) 

/{Biln(SLidt/JL'idt)) =Bo/B i 

(28) 

Vi (Li)=Ai+Bilnai+BilnJLidt (29) 

(29) S:*^^ (25) SC^^Il^T 

Vi (Li)-Vi (L')=Biln(JLidt/SL'idt) 

(30) 

[003 5] (30) 5S;CC (2 8) ^^a^^D^i. 

(V0(L) -VO (LO } / {V i (L)-Vi (L*)) 

X {V 1 (L i ) -V i (L') } 
= (Bol n ( J L i d t/I L'i d t ) ) 
= {BO! n S L i d t -Bol n 5 L • i d t (3 1) 

[003 6] (31) j^(,chi^x:Gin^ummc: t(D{t i^^\t^t^-om^mi^m'f'(om^^mc^'>U'hm-cmjE 
t(oy^ v^'<t-V'(0!&&. mmwm^s.. mos h i&vvyy''j>!fi:b. 'toz-oo^-^^jt^ci.tzij 
[0 03 7] ic^r. %km^idit^9i (J^iaaseo i!^-iti.msm\t (2 4) s^i^iDr 

-2 4 1 3 7 0-^) r^§7fellia:t!mE<!:*S';^73tt*30 

Vi (L)=Ai+Bilni+Biln5Ldt. (32) 

[0 03 8] */c, L' =0(DitCctJ ( 1 5) 

V i (L') = (C i/Co) VOL (33) 

(3 2) (3 3) ^i:^^mMLmm(Df\ni:'ii')^ 

Vi (D-Vi (LO=Ai+BMnai+BiILdt 

- (C i/CO) VOI (34) 

[0 0 3 9] ccr. (c i/CO) voioigfcissc: ♦fe<i. (34)S;« 

t(,cmt^:i>m&X$>^i)^h (C 1 /CO) Voi= D i i ♦ 

Vi (L)-Vi (LO=Ai+Bilnai-Di+BiJLdt 

^(35) 

tt^^. mm\(0{th'O^ttj:i>A \ ^ Bi InaiO T&^o M EM 1 RCKME M2 fjseA/D^^SCC 
:5^mi^'2>Ci3&irt3:cl>/cWT3g:<, M^C-D i <b ^^^tk^tifcy" ^ iy^Jim^UiS.thfctbCD^^'J- 
i.^^mfcmih^tomtlim.'thtci^. iihr>tmJE X\ RAMX«PROM^<ci:0/:c*. DIFISC/D 

[0 04 0] m4{t. :^§tm^&mucmwmmmm(D m^^xh^. DEvt*. i2ii^iiscx7'j>^'-^(Dai 
^Ed^a^jtfamc^itr -sj^if [ o o 4 i ] mMLof^-mMmcomt^mmm^c c 



11 

VC=VSS1+VT+ (nlkT/q) 
I z=ICp Gxp[ (q/n2kT) 



(7) 4^63^5- 1 6 7 84 8 

12 

©tbJ&^ft^?*^. l5lB#tcSltm (ip-^voCL) -vo 

(L' ) ) f)mn^ti^, cox^i^cbx. ^mmct 

(DmJET-'^f)^^^hti. tti:/3SgDEViCii6n^o 
[0 04 3 3 gr, Chi'CiitmiMOSY'yl^V:^^ 

. mBWKwjtn<omi)^mtj:-ox<^(ov. mi 

MOS h^>t^:^^{C*fU'CVTi- nl. ^2M0S h 
0) 

[0044] 



10 



(9) . (1 



In ( ip/lDO) (3 6) 

(VC-V0-VT2) ) (3 7) 



Ctit (1 1) S;J;0. V0«:**-Si. »10 (3 ^ 

8) Si^U^o 

[0 04 5 ] S£-:?T. CCDCDai;^SJ:Off 6tx^ffi:^ 20 
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/ {Biln (/L«'""«'dt) / J h'"^""'' d f) ) 
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